AD-A118  490 
UNCLASSIFIED 


ARMY  MISSILE  COMMAND  REDSTONE  ARSENAL  AL  RESEARCH  D— ETC 
MULTIPLEX  HOLOGRAPHIC  FILTERING  THROUGH  CONTACT  SCREENS. (U) 
FEB  62  J  C  DUTHIE#  H  K  LIU 
0RSMI/RR-62-7-TR _ 


F/G  20/6 


SBt-ao»cQsn  27n 


AD  A118430 


1 


TECHNICAL  REPORT  RR-82-7 

MULTIPLEX  HOLOGRAPHIC  FILTERING 
THROUGH  CONTACT  SCREENS 


J.  C.  Duthie  and  H.  K.  Liu 
Research  Directorate 
US  Army  Missile  Laboratory 


8  February  1982 


mmm  command 


fR&d&ton  e 


ma/,  Alabama  98009 


1 


Approved  for  public  release;  distribution  unlimited. 


AUG  2  0  1982 


%£  08  03 


an  FOPM  1021,  1  JUL  70  PREVIOUS  EDITION  IS  OBSOLETE 


. .  Jn £A7.  T««i 


DISPOSITION  INSTRUCTIONS 


DESTROY  THIS  REPORT  WHEN  IT  IS  NO  LONGER  NEEDED.  DO  NOT 
RETURN  IT  TO  THE  ORIGINATOR. 


DISCLAIMER 

THE  FINDINGS  IN  THIS  REPORT  ARE  NOT  TO  BE  CONSTRUED  AS  AN 
OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION  UNLESS  SO  DESIG¬ 
NATED  BY  OTHER  AUTHORIZED  DOCUMENTS. 


TRADE  NAMES 

USE  OF  TRADE  NAMES  OR  MANUFACTURERS  IN  THIS  REPORT  DOES 
NOT  CONSTITUTE  AN  OFFICIAL  INDORSEMENT  OR  APPROVAL  OF 
THE  USE  OF  SUCH  COMMERCIAL  HARDWARE  OR  SOFTWARE. 


SECURITY  CLASSIFICATION  OF  THIS  FACE  (Whan  Data  Entorod) 


REPORT  DOCUMENTATION  PAGE 


«.  TITLE  fand  Subtltia; 

MULTIPLEX  HOLOGRAPHIC  FILTERING 
THROUGH  CONTACT  SCREENS 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


S.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A  PERIOD  COVERED 


S.  PERFORMING  ORG.  REPORT  NUMBER 


7.  AUTHORS 


S.  CONTRACT  OR  GRANT  NUMBERfaJ 


J.  G.  Duthie  and  H.  K.  Liu 


S.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Commander,  US  Army  Missile  Command 

ATTN:  DRSMI-RR 

Redstone  Arsenal,  AL  35898 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Commander,  US  Army  Missile  Command 

ATTN:  DRSMI-RPT 

Redstone  Arsenal,  AL  35898 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

8  Feb  82 


IS.  number  of  pages 

23 


I 


MONITORING  AGENCY  NAME  A  ADORES  Sfff  dllloront  from  Controlling  Oltleo)  IS.  SECURITY  CLASS,  (ol  Ala  raportj 

UNCLASSIFIED 


mm 


16.  DISTRIBUTION  STATEMENT  (ol  thlm  Report) 


Approved  for  public  release;  distribution  unlimited, 


17.  DISTRIBUTION  STATEMENT  (ot  the  ebetrect  entered  In  Block  20,  If  dtffmront  from  Report) 


It.  KEY  BOROS  (Continue  on  tereree  aide  II  neceaaery  m d  Identity  by  block  number) 

Optics 

Optical  Data  Processing 
Holography 
Missile  Guidance 
Correlators 


Ma  ABSTRACT  fO-iffciM  cm  reweree  «Mi  M  noeeeeery  end  Identity  by  block  number) 

The  basic  principle  of  applying  a  specific  contact  screen  for  performing 
multiplex  holographic  filtering  in  a  real-time  coherent  optical  correlator 
is  described.  The  specific  design  and  fabrication  of  a  one -dimensional  and 
a  two-dimensional  gray  density  contact  screen  are  described.  The  two- 
dimensional  screen  can  yield  nearly  a  5  x  5  array  of  spectra  islands  in  a 
coherent  image  processor. 


DO  ,  jmTti  M/1  EDITION  OF  I  NOV  AS  IS  OBSOLETE 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wtron  DM*  KnldM) 


CONTENTS 


INTRODUCTION. 


BASIC  PRINCIPLES. 


A.  Recording  of  the  Holographic-Matched  Filter 

B.  Auto-correlation  Experiment  . 


Page  No. 


DESIGN  OF  A  SPECIFIC  CONTACT  SCREEN  FOR  MULTIPLE 
IMAGE  STORAGE  IN  HOLOGRAPHIC-MATCHED  FILTERS.  .  . 


A.  Design  of  the  Specific  Screen  . 

B.  Methods  for  Screen  Fabrication. 


RESULTS 


SUMMARY  AND  DISCUSSION. 


Aoeessien  For 

NT I 3  "GRAfcl 
DTTC  TAB 
Un&r-i  vj:;  od 
Ju:;t  If  l  j-’ti 


By _ _ _ 

Bir.tr'v  'V.  .1/ 


Cod  os 


I.  INTRODUCTION 


Optical  holographic  matched  filter  correlators1  can  potentially  be  used  for 
dynamic  pattern  recognition  such  as  in  automatic  aerial  reconnaisance  data2 
interrogation  and  missile  guidance  for  tactical  homing  applications.3  The  main 
problem  which  must  be  resolved  before  the  technique  can  be  used  in  these 
applications  is  the  storage  capacity  of  the  filter  and  the  effectiveness  of  the 
detection  of  the  output  of  the  correlation.  Recently,  Leib,  et  al.2-4  designed 
an  optically  matched  filter  correlation  system  in  which  a  large  array  of  holograms 
can  be  stored  in  a  matched  filter  through  the  use  of  a  multiple  number  of 
holographic  lenses.  They  theoretically  predicted  that  the  system  has  a  possible 
storage  capacity  of  2500  matched  filters  of  an  M-60  tank  per  square  centimeter. 
Experimental  demonstration  of  this  capacity  has  not  yet  been  reported.  The 
purpose  of  this  report  is  to  present  a  new  and  different  method  for  making 
matched  filters  that  are  capable  of  storing  multiple  images  and  making  proper 
pattern  recognition. 


II .  BASIC  PRINCIPLES 

A.  Recording  of  the  Holographic  Matched  Filter 

The  basic  idea  of  the  new  method  is  to  record  the  zero-order  Fourier- 
transformed  holographic  image  one  at  a  time  at  each  of  an  array  of  locations 
at  the  Fourier  plane  (or  matched  filter  plane)  shown  in  the  system5'6  of 
Figure  1.  The  center  locations  of  each  hologram  are  determined  according  to 
the  center  of  the  spectra  islands  of  the  Fourier  transform  of  a  contact  screen.7 


1  A.  Vander  Lugt  and  F.  B.  Rotz,  "The  Use  of  Film  Nonlinearities  in  Optical 
Spatial  Filtering,"  Appl.  Opt.  j),  215  (1970). 

2K.  G.  Leib,  et  al.,  "Optical  Matched  Filtering  Techniques  for  Automatic 
Interrogation  of  Aerial  Reconnaissance  Film,"  Final  Report,  Contract 
DAAG53-75-C-0199,  AD  No.  A030574,  September  1976. 

3K.  G.  Leib,  et  al.,  "Analysis  of  an  Optically  Matched  Filter  Guidance  System 
for  Tactical  Homing  Applications,"  Paper  presented  at  AIAA/NASA  Conference  on 
Smart  Sensors,  Langley  Research  Center,  Hampton,  Virginia,  November  1978. 

4K.  G.  Leib,  R.  A.  Bondurant,  and  M.  R.  Wohlers,  "Optical  Matched  Filter 
Correlation  Memory  Techniques  and  Storage  Capacity,"  Opt.  Engr.,  19,  414 
(1980) . 

5B.  D.  Guenther,  C.  R.  Christensen,  and  Juris  Upatniek- ,  "Coherent  Optical 
Processing:  Another  Approach,"  IEEE  J.  Quantum  Electronics,  QE-15,  1348, 
(1979) . 

6J.  G.  Duthie,  Juris  Upatnieks,  C.  R.  Christensen,  and  R.  D.  McKenzie,  Jr., 
"Real-Time  Optical  Correlation  with  Solid-State  Sources,"  SPIE  213 , 
International  Computing  Conference,  281  (1980). 

7H.  K.  Liu,  "Halftone  Screen  with  Cell  Matrix,"  U.  S.  Patent  No.  4188225, 
February  1980. 
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Figure  3.  A  photograph  showing  the  spectra  of  the  contact  screen  of  Figure  1. 


B.  Auto-correlation  Experiment 

In  the  auto-correlation  experiment,  the  above-recorded  holographic- 
matched  filter  should  be  replaced  at  the  filter  plane  and  the  contact  screen 
should  be  inserted  in  front  of  the  Fourier  transform  lens  L ^  in  the  system 

as  shown  in  Figure  1.  The  incoming  image  is  diffracted  by  the  contact  screen 
to  all  the  locations  of  the  spectra  islands  similar  to  those  as  shown  in 
Figure  3.  If  the  input  image  is  matched  with  any  one  of  the  images  that  are 
stored  by  one  of  the  spectra  islands,  then  an  auto-correlation  signal  can  be 
detected . 
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III.  DESIGN  OF  A  SPECIFIC  CONTACT  SCREEN  FOR  MULTIPLE-IMAGE  STORAGE  IN 
HOLOGRAPHIC-MATCHED  FILTERS 

The  contact  screen  with  cell  patterns  shown  in  Figure  2  is  given  only  as 
an  example  to  illustrate  the  idea  that  the  screen  may  be  utilized  to  achieve 
the  purpose  of  multiple-image  storage  in  a  holographic -matched  filter.  From 
the  pattern  of  the  spatial  spectra  of  the  screen  at  the  Fourier  plane  as  shown 
in  Figure  3,  it  can  obviously  be  seen  that  the  screen  has  two  major  drawbacks 
for  this  specific  application:  1)  The  spectra  islands  are  not  of  the  same 
intensity,  i.e.,  the  intensity  distribution  among  the  various  diffraction 
orders  is  not  uniform.  2)  There  are  perhaps  too  many  high  order  terms  in  the 
spectra  that  may  not  be  needed  due  to  the  finite  aperture  of  the  system. 

These  excessive  diffraction  orders  tend  to  share  the  total  energy  and  reduce 
the  light  efficiency. 

In  order  to  eliminate  these  drawbacks  of  the  screen  in  the  correlation 
applications,  a  contact  screen  needs  to  be  specifically  designed  and  fabricated. 
The  design,  fabrication,  and  usage  of  a  specific  contact  screen  for  the  real¬ 
time  correlator  application  is  presented  below. 

A.  Design  of  the  Specific  Screen 

The  goal  of  the  design  is  to  have  a  screen  that  can  create  a  5  x  5 
array  of  spectra  islands  centered  at  the  zero  order  of  the  Fourier  transform 
plane  of  the  lens  when  it  is  placed  at  the  front  focal  plane  of  a  lens  and 
illuminated  by  a  collimated  beam  of  light.  Ideally,  each  island  in  the  5x5 
square  array  should  approximately  possess  the  same  magnitude  of  light  intensity 
and  none  of  the  input  light  should  be  diffracted  to  any  higher  order  terms. 
Screens  with  one-dimensional  transmittance  distribution  are  first  considered. 

Theoretically  speaking,  the  Fourier  transform  of  the  corresponding  one¬ 
dimensional  screen  should  have  equal  intensity  in  its  zero,  ±  first,  and 
±  second  orders  but  null  intensity  in  all  other  diffraction  orders.  The 
unit-cell  of  such  a  one-dimensional  density  screen  should  have  a  transmittance 
T(x)  of  the  following  form: 

T(x)  *  0.2  +  0.4  cos(2tt  x/X)  +  0.4  cos(4it  x/X)  ,  (1) 

and 

T(x)  =  T(x  +  X)  , 

where  X  is  the  period  of  the  screen.  However,  based  on  nature,  the  screen 
cannot  have  any  negative  transmittance.  Two  types  of  approximations  can  be  made 
about  T(x) :  1)  Use  only  the  absolute  value  of  T(x) ,  |t(x)|,  to  calculate  the 

spectrum.  2)  Set  the  negative  value  of  T(x)  to  zero.  The  transmittance  of 
one  unit-cell  of  the  screen  and  its  spatial  spectrum  is  calculated  by  using  a 
digital  computer  and  the  calculated  results  are  plotted.  The  cell  transmission 
and  spectrum  for  the  first  type  of  approximation  using  | T (x) ]  are  shown  in 
Figures  4  and  5,  respectively,  and  those  corresponding  to  positive  values  of 
T(x)  are  shown  in  Figures  6  and  7,  respectively.  By  comparing  Figures  5  and 
7,  it  can  be  seen  that  the  approximation  with  positive  T(x)  yields  more 
nearly-equal  magnitudes  in  the  desired  orders.  That  is,  relatively  speaking, 
in  this  case  zero  order:  first  order:  second  order  =  0.264  :  0.183  :  0.154;  and 
the  largest  higher  order  is  only  0.034. 


MAGNITUDE 


TIME  C  sec  ) 


Figure  4.  The  computer  plot  of  the  transmittance  of  one  unit-cell  of 

a  one -dimensional  contact  screen  versus  x,  where  T(x)  is  given  by 
Equation  (1). 


MAGN 


MAGNITUDE 


MAGNITUDE 


1 


0 

1 

2 

3 

4 

5 

O 

m 

o 

* 

N 

CM 

FREQ. C HZ) 

Figure  7.  The  computer  plot  of  the  theoretically  calculated  Fourier  transform 
of  the  positive  part  of  the  function  T(x)  of  Figure  6  versus  spatial 
frequencies . 


f 


m 


Although  the  cell  transmittance  distribution  of  Figure  6  has  approximately 
yielded  a  result  that  is  close  to  the  desired  goal,  the  actual  manufacture  of 
the  screen  is  very  difficult.  In  order  to  simplify  the  fabrication  of  the 
screen,  a  further  approximation  is  made.  It  is  assumed  that  discrete  levels 
of  transmittance  can  be  assigned  in  the  screen  cell.  In  case  four  levels  in 
cell  are  assumed,  the  computer  plotted  cell  pattern  and  its  spatial  spectrum 
are  shown  in  Figures  8  and  9,  respectively.  In  this  case,  the  ratio  among  the 
lowest  three  diffraction  orders  becomes  0.271  :  0.181  :  0.135,  and  the  largest 
higher  order  term  is  0.045.  Apparently  this  seems  not  to  be  a  bad  approximation. 
The  fabrication  of  this  type  of  screen  will  be  discussed  below. 

B.  Methods  for  Screen  Fabrication 

Two  approaches  that  can  be  used  to  fabricate  a  contact  screen  are 
described  as  follows: 

1.  Assume  there  is  available  a  one-dimensional  mask  which  has  a 
periodic  intensity  transmittance  function  T(x)  of  period  a,  i.e.,  T(x)  *  T(x+a) , 
and 


T(x)  =  1 


0  <  x  <  a/N 


=  0  ,  a/N  <  x  <  a 


(2) 


where  N  >  2. 

In  the  making  of  the  screen,  a  low-y  negative  film  is  placed  below  and  in -close 
contact  with  the  mask.  The  film  can  be  made  to  traverse  along  the  x-direction 
by  means  of  a  translation  stage  while  the  mask  is  fixed.  At  an  initial  position 
of  the  film,  the  mask  and  film  are  exposed  by  a  uniform  incoherent  light  source 
for  a  time  x^.  After  the  exposure  the  film  is  translated  along  the  x-direction 

for  a  distance  a/N.  A  second  exposure  of  duration  t ^  is  made.  The  process  of 

stepping  a  distance  a/N  and  exposing  for  a  time  x  goes  on  until  the  (N-l)*"*1 
th  v  % 

translation  and  N  exposures  are  completed.  The  spatial  distribution  of 

exposure  becomes 


E(x)  =  p  x  ,  (i-l)a/N  <  x  <  i  a/N  ,  (3) 

where  i  =  1,2,....,N  ,  and  p  is  the  local  average  light  power  per  unit  area. 

If  E(x)  is  located  in  the  linear  region  of  the  Hurter-Drif field  (H&D)  curve, 
the  developed  film  will  have  a  density  distribution  D(x)  expressed  as 

D(x)  =  y  log  E(x)  -  Dq  ,  (4) 

/ 

where  y  is  the  slope  of  the  linear  region  of  the  curve,  and  -D^  is  the 

extrapolated  value  of  density  where  the  straight-line  approximation  would  meet 
the  D-axis.  On  the  other  hand,  if  some  of  E(x)  were  in  the  non-linear  region 
of  the  H&D  curve  of  the  film,  Equation  (4)  can  no  longer  be  applied  over  the 
whole  range.  In  this  latter  case,  a  pre-calibration  of  the  exposures  can  be 
used  to  assure  that  the  desired  density  levels  are  achieved.  The  advantage  of 
the  approach  described  above  is  that  various  values  of  can  be  used  to  shape 
the  periodic  density  distribution  of  the  contact  screen  to  any  predetermined  form. 
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Figure  8.  The  computer  plot  of  the  discrete-valued  approximation  of  the  positive 
part  of  the  transmittance  T(x)  of  one  unit-cell  of  a  one -dimensional 
contact  screen  versus  x,  where  T(x)  is  given  by  Equation  (1). 
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2.  If  Che  original  one-dimensional  periodic  mask  has  an  intensity 
transmittance  function  T(x)  ,  like  that  of  a  Ronchi  ruling  shown  in  Figure  10(a) 
it  can  be  described  by  Equation  (2)  with  N  *  2.  A  different  translation- 
exposure  process  can  now  be  used  in  order  to  obtain  a  multi-level  halftone 
screen.  An  example  is  given  in  Figure  10,  where  a  three-level  screen  is 
generated.  With  the  Ronchi  ruling  placed  in  close  contact  with  an  Agfa  10E56 
photographic  plate,  a  first  exposure  by  an  incoherent  light  source  is  made. 

Then  the  plate  is  translated  an  amount  Ax  =  a/3,  and  a  second  exposure  is  made. 
After  the  photographic  plate  is  developed,  its  density  profile  will  be  as  shown 
in  Figure  10(c) .  The  three  levels  of  density  are  D  *  DQ  (fog  level)  ,  and 

The  density  profile  can  be  described  as 

D(x)  =  D(x+a)  ,  and 

D(x)  *»  ,  0  <  x  <  a/6  and 

a/2  <  x  <  2 a/3  ,  (5) 


•  D 


2 


a/6  <  x  <  a/2 


*  D 


0 


2a/3  <  x  <  a 


The  densities  and  are  dependent  on  the  exposure  and  development  times 

used.  Even  if  the  exposure  times  are  equal  and  the  exposure  is  in  the  linear 
region,  4  2D^  in  general,  due  to  the  term  DQ  in  Equation  (4).  Hence 

and  can  only  be  determined  either  by  pre-calibration  or  by  microdensitometer 

measurement  after  the  fact.  The  method  can  be  extended  to  fabricate  an  N-level 
screen  simply  by  translating  the  film  plate  (N-2)  times  through  a  distance  a/N 
for  each  (N-l)  exposure.  The  density  profile  of  the  developed  film  may  be 
controlled  by  the  exposure  times  involved. 


Both  of  the  approaches  described  above  require  relatively  unsophisticated 
equipment.  The  step  size  of  the  screen  is  controlled  by  the  accuracy  of  the 
translation  stage. 


IV.  RESULTS 

For  the  fabrication  of  the  screen  with  cell  transmittance  corresponding 
to  Figure  8,  the  first  approach  described  in  III.B.2  has  been  adopted.  A 
photomicrograph  of  a  few  cells  of  a  133  lines  per  inch  one-dimensional  screen 
is  shown  in  Figure  11  and  its  Fourier  spectrum  at  the  Fourier  plane  of  a  lens 
with  focal  length  of  30  inches  is  shown  in  Figure  12.  It  can  be  seen  that  the 
five  spectra  islands  centered  at  the  zero  order  are  the  brightest  and  are  of 
almost  equal  magnitude. 
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Figure  10.  A  three-level  contact  screen  produced  by 
one  translation  of  a  Ronchi  Ruling  mask 
and  two  exposures. 

(a)  Ronchi  Ruling  transmittance  function  with  no 
translation.  The  period  is  a.  A  first  exposure 
is  made  at  this  point. 

(b)  Ronchi  Ruling  transmittance  with  a  translation  of 
of  the  film  plate  of  Lx  =  a/3.  A  second  exposure 
is  made  at  this  position. 

(c)  Density  function  of  the  resulted  contact  screen 
due  to  the  exposures  through  the  Ronchi  Ruling. 


A  two-dimensional  screen  is  fabricated  by  repeating  the  fabrication 
process  of  the  one-dimensional  screen  along  the  two  mutually  orthogonal 
directions.  The  cell  patterns  of  the  two-dimensional  screen  is  shown  by  the 
photomicrograph  in  Figure  13.  Its  corresponding  Fourier  spectrum  is  shown 
in  Figure  14.  From  Figure  14,  it  can  be  seen  that  a  5  x  5  array  of  almost 
equal  density  distribution  has  been  obtained.  The  measured  relative  intensity 
values  in  pW  are  shown  in  the  following  matrix. 
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Figure  11.  A  photomicrograph  of  a  few  unit-cells  of  a 
specific  133  Ipi  one -dimensional  contact 
screen. 
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Figure  12.  The  Fourier  transform  spatial  spectrum  of 
the  one -dimensional  screen  as  shown  in 
Figure  11, 


Apparently,  the  various  5x5  diffraction  orders,  including  the  cross-talk 
term,  are  all  of  the  same  order  of  magnitude. 


Figure  13.  A  photomicrograph  of  a  few  unit-cells  of  a 

two-dimensional  contact  screen  that  consists 
of  the  superposition  of  the  one -dimensional 
screen  of  Figure  11  in  two  orthogonal  directions. 


Figure  14.  The  Fourier  transform  spatial  spectrum  of  the 
two-dimensional  contact  screen  as  shown  in 
Figure  13. 


V.  SUMMARY  AND  DISCUSSION 


One-  and  two-dimensional  density-type  contact  screens  have  been  designed 
and  fabricated  for  application  in  a  real-time  matched  filter  correlator. 

The  spatial  Fourier  transform  of  the  two-dimensional  screen  has  a  5  x  5  array 
of  spectra  islands  where  most  of  the  energy  in  the  light  beam  are  distributed 
among  them.  The  measured  individual  light  intensity  of  each  of  these  25  spectra 
islands,  though  not  equal  to  one  another,  is  approximately  on  the  same  order  of 
magnitude  as  any  others.  However,  the  major  problem  of  the  density-type 
contact  screen  is  that  it  suffers  significantly  from  the  loss  of  light  efficiency. 
The  efficiency  loss  occurs  due  to  the  absorption  of  light  by  the  silver  particles 
in  the  screen. 

One  method  of  remedying  the  loss  of  light  efficiency  is  to  make  a  phase 
contact  screen  in  a  dichromated  gelatin  material.  How  to  exactly  control  the 
phase  values  in  the  unit -cells  of  the  screen  so  that  a  phase  screen  which  can 
yield  a  5  x  5  array  of  spectra  islands  of  approximately  equal  Intensity  will 
need  further  theoretical  and  experimental  investigations.  It  seems  to  be 
almost  certain  from  preliminary  investigations  that  a  perfect  5x5  evenly- 
distributed  array  of  spectra  islands  probably  can  never  be  obtained  from  the 
screen  due  to  practical  experimental  difficulties.  Nevertheless,  it  is 
expected  that  an  array  which  is  close  enough  to  the  ideal  one  can  be  obtained. 

Once  a  nearly  ideal  screen  is  obtained,  it  can  be  used  in  the  system 
for  auto-correlation  experiment.  The  screen  can  also  be  used  in  a  solid-state 
laser  correlator  at  wavelength  of  820  nm  when  the  filter  is  recorded  at  the 
He-Ne  wavelength.  This  requires  that  the  matched  filter  be  recorded  with 
distances  between  the  Islands  of  the  spectra  array  scaled  to  fit  for  the  solid- 
state  laser  (or  any  other  intended  lasers)  wavelength.  The  image  should  also 
be  scaled  through  a  zoom  lens  or  by  placing  it  at  a  proper  location  in  the 
system. 
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